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Preliminary and Short Report
PLASMA TORCH REACTIONS IN THE SKIN*
LEON GOLDMAN, M.D., HERMAN SOLOMON, JR., M.D., R. J. ROCKWELL, JR.,
M.SC., ROBERT MEYER, ROBERT OTTEN AND ROBERT EPSTEIN
A recent development in modern industrial tech-
nology which is of interest to dermatologists is the
use of plasma. Plasma, in the physical sense, is an
ionized gaseous state of matter. Positive ions and
free electrons are mingled with molecules. In na-
ture, plasma is found about the sun and stars. In
industry, plasma has been used in arcs, in studies
of the exhausts of rockets, and in spectroscopy (1).
It has been used also for describing the plume of
the impact of the laser on tissue (2).
In the plasma torch, a continued plasma is ob-
tained by gases at tremendous velocities (up to jet
velocities of 10,000 miles per hour) passing through
an electric arc. Temperatures in the plasma may
extend up to 60,000° F. The prcsent commercial
applications of the plasma torch include heating,
cutting, welding, metalizing; and in chemistry,
synthesizing of new compounds.
Basic studies on the occupational hazards of the
plasma torch have been done by Speicher (3),
Grimm (4), and Kusnetz (5). At present, with Key
(6) and Powell (7), this laboratory is studying thc
detailed picture of the occupational hazards of the
plasma torch. These hazards include such factors as
radiation, ultraviolet, visible infrared and, perhaps,
Grenz rays; noise and dust hazards, especially in
certain commercial operations; and the formation
of oxides of nitrogen and oxygen in the air.
DEscRiPTION OF INSTRUMENTATION
Our present instrumentation is a model U-S
torch, S-40 control, with a model TDB1A-14
(Thermal Dynamics Corporation, Lebanon, New
Hampshire). The gases used in this torch arc
helium and argon. Special pistol-grip attachments
have been devised by us to enable us to manipu-
late the torch more precisely. The temperature
produced by this model is in the range of 20,000° F.
Special exposure chambers havo been devised for
exposing animals to the plasma torch and for pro-
tection of the operator. Eye protection has been
obtained by colored glasses. Asbestos gloves are
used to protect the hands. Exhaust hoods or ade-
quate ventilation systems may be used.
There are many parameters of this plasma torch
which are very difficult to control for experimental
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procedures. For example, the plasma cloud area
is inhomogeneous in temperature and density with
the highest intensity at the center of the cone,
and varying from one radial zone to another. High
magnetic and high electrical fields in the vicinity
of the arc affect the transducers and thermocouples
used to study the reactions in tissue. The actual
temperatures of the plasma torch are difficult to
measure, and cannot be done with thermocouples,
since a thermocouple is usually limited to meas-
uring temperatures up to 3,500° F. In our experi-
ments thermocouples have been used to measure
temperatures in tissues at a distance from the site
of direct exposure to the plasma torch. The other
controls that we have been able to do in these ini-
tial experiments is to list the rheostat reading, to
record the pressures of helium and argon, to meas-
ure the duration of contact with the plasma torch,
and to record the width of the burn produced.
Original studies on the biomedical applications of
the plasma torch have been done by Shaw and
Sheer (5), who are developing a precise cutting
tool with narrow-beam width. Recently Shaw has
succeeded in producing a flexible, small high out-
put plasma torch. This can be used as an excellent
prototype to develop plasma torch surgery. Our
own research and development in the plasma
torch is concerned with basic studies on thermal
effects in tissues as related to impacts with plasma
torch and the laser.
Comparative studies in instrumentation in these
preliminary series of experiments have included
the miniature welding tool with maximum tem-
peratures of 6,300° F, the high frequency electro-
surgical unit, and a 20-watt carbon dioxide laser
with wave lengths of 106,000 A in the far infrared.
TEdilNIcs OF EXPOSURE
The experiments were done first on excised tis-
sue to study the intensity of the charring effect of
the plasma torch. Normal skin, nevi and seborrheic
keratnses were exposed to the plasma torch and
were photographed. Microscopic sections were ob-
tained. In some tissues, half of the specimen was
treated with the plasma torch and the other half
with the carbon dioxide laser or electrocoagulation.
In heavily keratinized tissues, only superficial char-
ring of the surface was observed after exposure
to the plasma torch.
In animal experiments, the plasma torch was
used over the shaven skin (usually abdominal) of
anesthetized animals. Guinea pigs, hamsters, rab-
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bits and the miniature pig were used. In the
miniature pig, exposures were made on the flanks.
Efforts were made to set up control areas adjacent
to the plasma torch by exposure to the carbon
dioxide laser and to the high frequency electrical
current. Microscopic sections were made of the
early lesion and also of the late lesion.
With the instrumentation available to us, the
band of charring from the plasma torch is from 5
mm to 2 cm wide.
aE5ULTS AND DISCUSSION
The plasma torch reaction in animal skin and
in freshly excised tissue produces a charring effect
which cannot be distinguished from the ordinary
heat cautery, the electrocoagulation or the impact
of the carbon dioxide laser. On gross inspection,
the skin appears discolored, hut exhibits only
superficial charring. However, the burn reaction
goes down deep into the underlying tissue. Efforts
were made to study the temperature in the tissues
adjacent to the path of the plasma torch and in
deep tissues directly in the path of the plasma
torch.
In one series of experiments in a hamster, the
temperature of the shaven skin, 5—6 mm below the
surface, before plasma torch impact was 33° C.
Thermocouple reading with the thermocouple im-
Em. 1. Showing plasma torch with its plasma planted at the depth indicated, at first impact
and operating console; operator wearing protective was 43° C. A second impact produced a tempera-
gloves and also eye protection. ture of 450 C. The plasma torch was used for an
Fic. 2. Showing deep charring effect of the plasma torch across clipped skin of the ab-
domen of the anesthetized hamster; immediately after impact.
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FIG. 3. Microscopic section of biopsy specimen of miniature pig skin immediately after
impact of carbon dioxide laser, 106,000 A, 20 watts output 1 second duration, showing sepa-
ration of epidermis, coagulation necrosis and homogenization of upper dermis. Hematoxylin-
eosin X100.
exposure time of 1/5 second with a 2-em sweep
over the skin at a distance of 4 em from the
nozzle of the torch. The console readings were 20
volts and 100 amperes, rheostat at 7.
In the hamster spleen and liver, the Bovie dee-
trosurgieal instrument produces much sharper
lesions without bleeding of these tissues. There was
gross charring effect of the plasma torch. With the
plasma torch instrumentation available, it was
difficult to do precise impacts, especially of liver
and spleen, without burning adjacent tissues. Alu-
minum and asbestos templates were used about the
target areas to limit the plasma torch exposures.
These were only partially successful.
Microscopic sections showed non-specific char-
ring effect with deep band zones of homogenization
and coagulation necrosis of tissue. Vaporization
may cause not only "steam bubbles" in the epi-
dermis but also separation of collagen fibers in
the dermis. These forms of coagulation necrosis
reactions were non-specific. In the different species
of animals used, the reactions varied quantitatively
but not qualitatively. The pilosebaeeous unit of
the miniature pig skin appeared to show some
resistance to the passage of the plasma torch beam.
In guinea pig skin tattooed with blue and red
pigments, the plasma torch, as would be expected,
had no color selectivity as do reactions in the skin
from the ruby and neodymium lasers. In general,
microscopic sections showed that the plasma torch
reaction was much deeper in tissues than had been
suspected from the gross clinical appearance.
In superficial lesions from the plasma torch in
hamsters, the burns healed. No tissue reactions
suggestive of radiation changes were found in early
or late plasma-torch lesions after several months.
CONCLU5ION5
The plasma torch, using continued high tem-
perature plasmas, produces a non-specific coagula-
tion necrosis of animal skin and freshly excised
tissue of man. These changes are similar to the
coagulation necrosis induced by heat burns, high-
frequency electrical currents, and the laser.
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